This work describes a novel ent-kaurane diterpene, ent-3b-hydroxy-kaur-16-en-19-al along with five known ent-kaurane diterpenes, ent-3b,19-dihydroxy-kaur-16-eno, ent-3b-hydroxy-kaur-16-eno, ent-3b-acetoxy-kaur-16-eno, ent-3b-hydroxy-kaurenoic acid and kaurenoic acid, as well as caryophyllene oxide, humulene epoxide II, b-sitosterol, stigmasterol and campesterol from the stem bark of Annona vepretorum Mart. (Annonaceae). Cytotoxic activities towards tumor B16-F10, HepG2, K562 and HL60 and non-tumor PBMC cell lines were evaluated for ent-kaurane diterpenes. Among them, ent-3b-hydroxy-kaur-16-en-19-al was the most active compound with higher cytotoxic effect over K562 cell line (IC 50 of 2.49 lg/mL) and lower over B16-F10 cell line (IC 50 of 21.02 lg/mL).
ethanolic extract from the leaves has sedative effect. In our continuous research for bioactive compounds from Annonaceous plants a novel ent-kaurane diterpene, ent-3b-hydroxy-kaur-16-en-19-al (1), along with five known ent-kaurane diterpenes, ent-3b,19-dihydroxy-kaur-16-eno (2), ent-3b-hydroxy-kaur-16-eno (3), ent-3b-acetoxy-kaur-16-eno (4), ent-3b-hydroxy-kaurenoic acid (5) and kaurenoic acid (6), as well as caryophyllene oxide (7), humulene epoxide II (8), b-sitosterol (9), stigmasterol (10) and campesterol (11) were found in the stem bark of A. vepretorum (Fig. 1) . 4 Cytotoxic activities towards tumor and non-tumor cells lines were investigated for compounds 1-6. This is the first phytochemical and biological investigation of the stem bark of A. vepretorum.
Compound 1 was obtained as an white amorphous powder with the molecular formula, C 20 H 30 at 3267, 2726 and 1712 cm À1 typical of hydroxyl and aldehyde groups. The low frequency of the carbonyl group of the aldehyde, as well as hydroxyl group is due to the hydrogen bonding. The 1 H NMR spectrum showed signals for two tertiary methyl groups at d 0.94 and 1.27 (3H each), that are typical of axial C-20 and equatorial C-18 methyl groups of ent-kaurane diterpenes with a axial C-19 aldehyde group (Fig. 2) . The signal for this aldehyde group was observed at d 9.76 (1H). Additionally, two signals were observed at d 4.75 and 4.81 (1H each) typical of hydrogens from an exocyclic double bond, as well as a signal to a carbinolic hydrogen at d 3.16 (1H). The 1 H-1 H COSY NMR experiment revealed that the aldehyde hydrogen was coupling with H-3 at d 3.16 (1H), probably due to a 'W' orientation ( Fig. 2) , supporting the equatorial C-18 (methyl group) and axial C-19 (aldehyde group) configurations in the structure of 1. C correlation with the carbons at d 52.6 (C-4) and d 208.1 (C-19), supporting the presence of a hydroxyl group at C-3 and the aldehyde at C-19 in the structure of 1 (Fig. 2) . Moreover, the hydrogen at d 3.16 (H-3) showed only two additional 1 H-1 H correlation from COSY NMR experiment, with hydrogens at d 1.86 and d 1.89 (H-2), supporting the substitution at C-3. The aldehyde group at C-19 was supported on the basis of HMBC NMR experiment, since the aldehyde hydrogen at d 9.76 (H-19) shown long-range 1 H-13 C correlation with the carbons at d 52.6 (C-4) and d 77.4 (C-3) (Fig. 2) . The b-orientation of the hydroxyl group at C-3 was established by comparing its NMR data with those described in the literature for 3-hydroxy-kauranoic acids.
7,8 Hydrogens at C-3 in a (axial OH) and b (equatorial OH) isomers are described as having 1 H NMR chemical shifts at d 4.11 and d 3.14, respectively. Therefore, the 1 H NMR chemical shifts found in this work to H-3 at d 3.16 are in accordance with an b orientation. This fact was also supported by 1D NOE NMR selective experiments. In these, the selective irradiation of the resonance frequency of H-3 at d 3.16 caused a NOE enhancement in the signals at d 1.27 (H-18), 1.03 (H-5) and 0.95 (H-1ax) (Fig. 2) . Moreover, the selective irradiation of the resonance frequency of the methyl hydrogens H-18 at d 1.27 showed a NOE intensification of the signals at d 9.76 (HCO), d 3.16 (H-3), d 1.88 (H-6 eq), and d 1.03 (H-5), although any enhancement of the signal of H-20 at d 0.94 (Fig. 2) . On the other hand, the selective irradiation of the resonance frequency of the hydrogen H-19 at d 9.76 showed a NOE intensification of the signals at d 1.27 (H-18), d 0.94 (H-20) and d 1.59 (H-6ax), although no enhancement on the signal of H-5 at d 1.03 (Fig. 2) . The overall analysis of 1D and 2D NMR experiments enabled us to fully establish the structure and to completely assign the 1 H and 13 C NMR chemical shifts of 1 (Table 1) . 9 Therefore, compound 1 was identified as a new ent-kaurane diterpene named as ent-3b-hydroxy-kaur-16-en-19-al.
Compounds 2-11 were identified by comparing their spectrometric data 6 with those reported in the literature which were in accordance with ent-3b,19-dihydroxy-kaur-16-ene (2), ent-3b-hydroxy-kaur-16-ene (3), ent-3b-acetoxy-kaur-16-ene (4), ent-3b-hydroxy-kaur-16-en-19-oic acid (5), ent-kaur-16-en-19-oic acid (6), mixture of caryophyllene oxide (7) and humulene epoxide II (8), and a mixture of b-sitosterol (9), stigmasterol (10) and campesterol (11). 7,10-18 Nevertheless, compounds 2-4 have been described a long time ago and its NMR data are incomplete as well as have some ambiguities. Therefore, the complete and unequivocal NMR data for these diterpenes were reviewed according to 1D and 2D NMR experiments ( Table 1) . The absolute configurations of the diterpenoids ent and normal series can be established on the basis of its negative and positive specific rotation ([a] D ), since they can be correlated to similar kauranoid diterpenes with defined absolute configurations. Therefore, those that divert the light polarized to the left (À) belong to the ent series, while those that divert to the right (+) belong to the normal series. 8 In this work, all diterpenes diverted the light polarized to the left (À) according to ent series.
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The ent-kaurane diterpenes are common in Annonaceae plants, particularly in species of Annona and Xylopia. [19] [20] [21] [22] In Annona, this class of compound is well represented and considered as chemotaxonomic markers. Among them, compound 6 is the most representative within the family Annonaceae, mainly in Annona such as Annona cherimolia, Annona glabra, Annona senegalensis and Annona squamosa, and Xylopia such as Xylopia frutescens, Xylopia laevigata, Xylopia sericeae. 7,19-23 Compound 5 has been described in Xylopia laevigata (Annonaceae), although it was described in species of the family Asteraceae. 7,24,25 Therefore, the presence of ent-kaurane diterpenes in A. vepretorum supports that this is a typical species of the family Annonaceae. Compound 2 was found in Stachys lanata (Labiatae) and Cacalia pilgeriana (Asteraceae).
10,26
Compound 3 was obtained from Laetia thamnia (Flacourtiaceae), Guarea kunthiana (Meliaceae) and Phyllanthus flexuosus (Phyllanthaceae). 27-29 Compound 4 was observed in Phyllanthus flexuosus (Phyllanthaceae). 27 The other compounds (7-11) are commonly found in species of Annonaceae.
7, [30] [31] [32] Compounds 1-6 were evaluated for their cytotoxicity on B16-F10 (mouse melanoma), HepG2 (human hepatocellular carcinoma), K562 (human chronic myelocytic leukemia) and HL-60 (human promyelocytic leukemia) tumor cell lines. [33] [34] [35] [36] The compounds 1, 3, 5 and 6 showed cytotoxic activity, while 2 and 4 were not cytotoxic at the experimental concentration used (IC 50 >25 lg/mL), in any tumor cell lines tested ( Table 2 ). The cytotoxicity of 2, 3 and 6 was previously assessed, 28,37,38 whereas the cytotoxic activity of the compounds 1, 4 and 5 were evaluated for first time in this work.
Regarding structure-cytotoxicity relationship of ent-kaurane diterpenes, related compounds with the a-methylene cyclopentanone moiety and/or a,b-unsaturated ketone moiety had been reported to have cytotoxic activity. 39, 40 On the other hand, the ent-kaurane diterpenes investigated in this work do not present these features and are able to inhibit cell proliferation. Cavalcanti et al. 37 found that the exocyclic double bond (D 16(17) ) is a fundamental pharmacophoric group for the cytotoxic activity of ent-kaurane diterpenes. All ent-kaurane diterpenes evaluated in this work has exocyclic double bond, although compound 4 was inactive. This fact can be related to the presence of an acetate group at C-3. In this work, compounds 1, 3 and 6 were higher cytotoxic than the compounds 2, 4 and 5, suggesting that acetoxy (OOCCH 3 ) group on C-3 or hydroxymethyl (CH 2 OH) group on C-4 decrease the cytotoxic activity of ent-kaurane diterpenes. These results may help in the identification of novel ent-kaurane diterpene-like structures with optimized cytotoxicity to be tested for cancer treatment.
Compound 1-6 were also cytotoxic to non-tumor PBMC cells, presenting low selectivity (Table 2) . Compound 1 shown a selectivity index (SI) of 2.9 for leukemia (K562), while doxorubicin showed a SI of 7.5 for the same tumor cell line. has been previously reported as non-selective cytotoxic compound. 37 Therefore, the stem bark of A. vepretorum is an important source for cytotoxic ent-kaurane diterpenes.
Supplementary data
Supplementary data (spectrometric data, including NMR, MS and IR for the new ent-kaurane diterpenoid 1) associated with this article can be found, in the online version, at http://dx.doi.org/ 10.1016/j.bmcl.2014.06.005. C NMR data (CDCl 3 , 400 MHz) for ent-kaurane diterpenes 1-4 , that were evaluated and pooled according to TLC analysis, to afford 10 groups (GF13.4.1-GF13.4.10). The groups GF13.4.6 and GF13.4.7 were pooled (270.7 mg) and also submitted to TLC preparative eluted with n-hexane-EtOAc (80:20, v/v, three elution), yielding 3 (154.6 mg). Group GF13.5 (183.4 mg) was also submitted to preparative TLC eluted with n-hexane-EtOAc (90:10, v/v, three elution) again affording 3 (99.0 mg). Group GF13.8 (85.7 mg) was submitted to preparative TLC eluted with n-hexane-EtOAc (80:20, v/v, two elution), again yielding 3 (40.4 mg). Group GF13.9 (325.0 mg) was also subjected to a preparative TLC eluted with n-hexane-EtOAc (80:20, v/v, two elution) giving 3 (68.2 mg) and 1 (10.9 mg), respectively. Current fractions of the preparative of GF13.9 were contained and submitted successive CC and preparative TLC eluted in the same conditions that GF13, which resulted in the isolation of the mixture of 9, 10 and 11 (15.5 mg). GF13.10 (145.9 mg) was submitted to a new silica gel CC eluted with increasing concentrations of CH 2 Cl 2 in n-hexane (100:0 to 20:80, v/v) and EtOAc in CH 2 Cl 2 (100:0 to 80:20, v/v) giving 28 subfractions (30 mL each) that were pooled into 8 groups (GF13.10.1-GF13.10.8), according to TLC analysis. The group GF13.10.1 (47.8 mg) was subjected to a preparative TLC eluted with n-hexane-EtOAc (80:20, v/v, two elution), yielding 3 (23.4 mg). Group 13.10.2 (57.1 mg) was submitted to the same conditions as for GF13.10.1 resulting in 1 (32.1 mg). Group 13.11 was also subjected to a preparative TLC eluted with n-hexaneEtOAc (80:20, v/v, three elution), again affording 1 (82.7 mg). The group GF16 (238.4 mg) from CH 2 Cl 2 -EtOAc (70:30, 60:40 and 50:50, v/v) was submitted to a new silica gel CC eluted with the same methodology as describe at the initial CC (petroleum ether extract), affording 69 subfractions (30 mL each) that were subsequently pooled into 7 groups (GF16.1-GF16.7), according to TLC analysis. Group GF16.5 was subjected to a preparative TLC eluted with n-hexane-EtOAc (70:30, v/v, four elution) giving 2 (100.4 mg). The group GF17 (76.7 mg) from CH 2 Cl 2 -EtOAc (40:60 and 30:70, v/v) and EtOAc-MeOH (100:0 and 95:05 v/v) was also submitted to a preparative TLC eluted with n-hexane-EtOAc (60:40, v/v, three elution) yielding 2 (6.3 mg). Group GF18 (115.9 mg) from EtOAc-MeOH (90:10 v/v) was submitted to preparative TLC eluted with n-hexane-EtOAc (60:40, v/v, two elution), affording 5 (13.0 mg). 6. General experimental procedures: Melting points (mp) were measured on a Microquímica MQAPF 301 apparatus. IR spectra were acquired in KBr pellets on a Shimadzu IR Prestige-21 spectrophotometer. Optical rotations were recorded in CHCl 3 on a Jasco P-2000 polarimeter. GC-MS analyses were performed on a Shimadzu QP5050A GC-MS system equipped with an AOC-20i auto-injector. 
